discrepancy between the measured resistance of models and the computed results is found, and the theory seems to be far from the practical value. It is evident that such a discrepancy is the result ,of the drawback of the assumptions upon which the theory is based. One of the assumption which contribute much to the above defect is the neglection of viscosity. Attempts were made by Wigley4) and Inui5) to give a correction for the effect of viscosity to the computed wave resistance, but Inui found a portion of difference which could not be explained by the effect of viscosity.
The limitation of Michell's theory
The existing method of calculation of the ship wave resistance is based upon the classical theory by Michell') .
If the ship's surface is represented by a simple mathematical equation such as polyno mials, there is no difficulty in the procedure of computing wave resistance, and a great number of
.numerical examples have been given by Wigley2), Weinblum3) and others. Unfortunately a serious discrepancy between the measured resistance of models and the computed results is found, and the theory seems to be far from the practical value. It is evident that such a discrepancy is the result ,of the drawback of the assumptions upon which the theory is based. One of the assumption which contribute much to the above defect is the neglection of viscosity. Attempts were made by Wigley4) and Inui5) to give a correction for the effect of viscosity to the computed wave resistance, but Inui found a portion of difference which could not be explained by the effect of viscosity.
Apart from the assumption of inviscid fluid, Michell's theory is still an approximation. Though Michell obtained the formula as the solution of an approximate boundary value problem, it is proved that the result is a first order solution when the velocity potential is linearized by the beam length ratio taken as a small parameter6). Therefore Michell's theory is regarded as a theory of ships of small beam length ratio. The condition of small beam length ratio is not, however, the sufficient condition for the validity of Michell's solution.
Michell's theory assumes the small beam itself and not the small beam length ratio. More exactly speaking, it assumes that the beam is very small in comparison with any other linear dimensions relating the wave resistance. The wave resistance is a function of the ship form and the speed. The linear dimensions specifying the ship form are the principal dimensions, i. e.
ength, beam and draught. Then Michell's assumption is not only the condition of small beam length ratio but also the condition that the beam draught ratio must be small. Then Michell's theory is regarded as the theory of thin ship and is not the theory of just the ship of small beam length ratio.
There is another condition which has been missed. That is the relation with respect to the speed.
The linear dimension which represents the speed is the length of the wave generated by the ship.
The length of the transverse wave accompanying the ship of speed U, is proportional to U2/g, where g is the acceleration of gravity. Then the condition of the small beam B necessitates the condition that Bg/U2 must be a small fraction. This condition imposes a great restriction upon the validity of Michell's theory. To visualize it, choose a ship of a great draught, the beam length ratio B/L of which is 1/20. In this case the condition of thin ship seems to be satisfied. In order to fulfil second condition, Bg/U2 must be the order of e. g. 2 An application of the slender body theory
The present work goes along the first line for the improvement of the wave resistance calculation stated at the end of the preceding section. The beam and draught of the ship are assumed much smaller than the length. This type of ships may be called slender ships and one may think of the slender body theory which has attained a great success in the field of aeronautics7). It seems to be strange that we don't know any remarkable development along the conception of the slender body theory in the theory of ship wave resistance before Vossers8) published an attempt quite recently, though Cummins9) proposed strongly the application of the slender body theory to the wave resistance problem several year ago. However such an inactivity must have a rational ground. Let us now examine the possibility of the application of the slender body theory o the present problem. Before developing the slender body approximation, we linearize the boundary condition at the free surface,.
Assuming an irrotational motion of an inviscid incompessible fluid, the fluid motion is represented by a velocity potential. Consider a uniform flow of velocity U in the direction of the x-axis, and a ship 3 The wave resistance of a slender ship
As explained in the preceding section, the direct application of the slender body theory is unable to
give an appropriate formula to the wave resistance of ships of small draught together with small beam. Then we are obliged to give up it for the moment and go back to the general three-dimensional theory.
It is assumed that the linearized velocity potential satisfies the boundary condition at the free surface tance. The wave resistance accompanying the source distribution was found by Havelocki").
As it is well known, we give just the result.
where (20) This equation gives the wave resistance due to the linearized velocity potential Oil of the equation (4) . Then the term of the lowest order is included in it if the exact equation for the wave resistance is expanded in a series of the linearizing parameter, but it can include the terms of higher order as well. In order to isolate the term of the lowest order, we transform the co-ordinates into the dimensionless form defined by (12), and introduce the linearizing parameter. We confine ourselves in the case that the Froude number is not small nor extremely large.
In such a moderate Froude number, the order of the dimensionless speed parameter (21) is regarded as unity.
Consider a section of the ship hull perpendicular to the x-axis and designate the contour by C(x) and the length element along the contour by dc. Next a dimensionless length element ds is defined as follows.
( 22) where a is the angle through which the tangent plane of the surface S at the middle point of dc makes with the x-axis. Making use of the relation it is easily proved that the substitution of (58) in (55) leads to the same result as (53). Thereforethe formula in the preceding section gives the limiting form of Michell's formula when the draught becomes infinitesimal.
It must be noticed that in spite of the above discussion, the formula (53) 
This coincides with the last term of (39). For a slender body of revolution , the relationship between the sectional area A (x) and the source density is given by the equation
Then (64) becomes (54) when the dimensionless representation is employed. Thus the formula (54) gives the wave resistance of a floating body of revolution which is the limiting case of Inui's form. It is concluded that the wave resistance of a body of revolution is same as that .of a ship with sharp
If the ship has a vertical edge or a horizontal one, her wave resistance cannot be expressed by such a way, because the end singularity cannot be removed . In such a case, a singularity distribution along the vertical line or the horizontal line must be taken into account .
Numerical calculation
The formula (53) indicates that the wave resistance is determined by the curve of sectional area and the slope of the hull surface at both ends. This fact makes the computation of the wave resistance by means of (53) much easier than the use of Michell's formula , because the latter necessitates the complete equation of the hull surface. If the curve of sectional area is represented by Polynomials, the computation of the integrals involved in the formula is enabled by the aid of the following functions.
(65) 
